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... TITLE OF THE INVENTION . 

A CONDUCTOR BOARD AND METHOD FOR PRODUCING 
A CONDUCTOR BOARD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This Application is a Continuation-in-part of U.S. 
Patent Application No. 09/663,253, filed September 15, 
2000. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This Invention relates to a method for producing a 
conductor board and to a conductor board produced thereby. 

2. Description of Related Art 

It is known that the metalization required to produce 
conductor paths, connections, etc. may be produced on a 
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ceramic, e.g. an aluminum oxide ceramic, by the so-called 
"direct bonding technology", and in the case of copper 

copper bonding technology) , to wit using metal or copper 
foils or sheets forming the metalization, that comprise a 
layer or coating of the metal and a reactive gas, 
preferably oxygen, on their faces. _ . 

In this process, described for example in U.S. Patent 
3,711,120 or German Patent 2,319,854, the layer or coating 
of the chemical compound of the metal and a reactive gas 
(fusion-applied layer) forms a eutectic having a melting 
temperature below the melting temperature of the metal 
(e.g. copper), so that by applying the foil to the ceramic 
and by heating all layers, these can be joined together, to 
wit by melting on of the metal, or copper, substantially 
only in the region of the melt-on or oxide layer. 

The DCB process comprises, for example, the following 
i steps : 

• Oxidizing a copper foil in such manner that a uniform 
Copper oxide layer results 

• Placing the copper foil on the ceramic layer 
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• Heating the composition to a processor temperature 
between about 1065° and 1083°C, e.g. to about 1071°C. 

Likewise, a so-called active soldering process, 
("'diffusion soldering method") is known for joining metal 
to carbide ceramics (German Patent 2,213,115). In this 
known method, an active solder is employed between the 
metal and the ceramic. The solder has an active metal 
whose enthalpy of binding to the ceramic is at least 50% of 
the binding enthalpy of the ceramic in question, so that 
upon heating to 800-1000°C, not only a joining of the 
solder to the metalization is achieved, but the active 
metal contained in the solder also forms binding bridges 
with the carbide, or ceramic. 

There is also a known method of producing a substrate 
(European Patent 0,627,875) in which, in order to produce a 
through contacting, i.e. an electrical connection between 
an upper and a lower metalization within the compass of the 
substrate, a metal body is placed in an aperture of the 
insulation layer, and then the body is deformed by 
pressing, to the thickness of the insulating layer. To 
complete the through contacting, an electrical connection 



or bonding is done between the inserted metal body and the 
metalizations formed by metal foils or coatings. This 
^^connect^ r by >• the - DCB - 

process . 

A disadvantage of these known methods is that the 
bonding takes place at elevated process temperature, and 
the metal body undergoes a substantially greater thermal 
expansion than the insulating layer, so that upon bonding, 
the metalizations lift off the insulating layer at the 
margin of the particular aperture. Therefore, even after 
production of the substrate, the metallization in the 
immediate surroundings of the through contacting are not 
completely connected to the faces of the insulating or 
ceramic layer. 

SUMMARY OF THE INVENTION 

The object of the Invention is to provide a method for 
avoiding these disadvantages thereby obtaining an improved 
conductor board. To accomplish this object, a conductor 
board, in particular for electric or electronic circuits, 
is configured having at least one layer of ceramic provided 
areally on two mutually opposed faces with at least one 



metalization each and comprising at least one through 
contacting (through contact) in the region of an aperture. 
• Metal-foils, for example - copper foils, are applied to the 
ceramic faces using a direct copper bonding (DCB) technique 
or by active soldering. The foils form the metallization 
and cover at least one aperture, and the metalizations are 
electrically connected to each other through the aperture. 
The present Invention is characterized in that only one of 
the metalizations is permanently deformed in the region of 
the aperture in such a manner that it forms a segment 
extending into the aperture, and that segment is 
electrically connected to the other metalization in the 
region of the aperture, thereby forming a through 
contacting. 

The present Invention is further characterized in that 
a body of electrically conductive material, preferably a 
metal body, is inserted in the aperture whose height (h) is 
smaller than the thickness (d c ) of the layer of the 
dielectric (ceramic) , in that at least one metallization is 
so deformed that both metalizations lie in contact with the 
metal body in the region of the aperture, and in that the 
metalizations are electrically connected to the metal body. 



The present Invention produces a conductor board, in 
particular for electric or electronic circuits, having at 
. ■ " . - least-, one layer of a dielectric, preferably of ceramic, 
areally provided on two mutually opposed faces with at 
least one metalization each and comprising at least one 
through contacting in the region of an aperture. Metal 
foils, for example copper foils, are applied to said faces, 
preferably using the DCB technique or by active soldering. 
The foils form the metalizations and cover at least one 
aperture. A body of electrically conductive material is 
inserted in the aperture and electrically connected to the 
metalizations. The present Invention is characterized in 
that the height (h) of the metal body is smaller than the 
thickness (d c ) of the layer of the dielectric, and in that 
at least one metalization is so deformed that both 
metalizations lie in contact with the metal body in the 
region of the aperture. 

Preferably, the body inserted in the at least one 

/ 

■ aperture has a height (h) satisfying the following 

conditions : 

h < d c [ (1 + (ax - a 2 ) AT] + K 
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wherein 



>d c ^ >; H layer (2) of the dielectric; 

ai is the coefficient of thermal expansion of the material 
of the layer (2) of the dielectric; 

a 2 is the coefficient of thermal expansion of the material 
of the inserted body (9); 

AT is the temperature difference between the maximum 
process temperature used in electrically connecting 
and room temperature; 

K is a correction factor. 

The present Invention is further characterized in that 
only one of the two metalizations is deformed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Invention will be illustrated in more detail by 
way of example and with reference to the drawings wherein: 



Fig. 1, in various positions, shows the steps of a 
method of producing a conductor board or substrate with a 



Fig. 2, in various positions, shows steps in the 
method of Fig. 1 for electrical connection in producing the 
through contacting; 

Fig. 3, in representations similar to Fig. 1, shows an 
additional possible embodiment of the method; 

Fig. 4 shows various steps of another embodiment of 
the method according to the Invention; and 



Fig. 5 shows steps of a method similar to Fig. 4. 



DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1, in position c, shows a conductor board or 
substrate 1 in partial sectional view, intended for 
electric circuits or components and consisting essentially 
of a board or plate 2 of a dielectric or insulating 
material, for example of . ceramic or some other suitable 
insulating material such as conductor board material, and 
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provided on top with a metalization 3 and underneath with a 
metallization 4. Each of the two metalizations 3 and 4 is 
•#^^^^^r^lly^ connected : to the layei*°2V At least one * of "the' 
metalizations 3 and 4 is structured for the formation of 
conductor paths, contact surfaces, connections, etc. using 
known techniques, as for example masking and etching 
techniques. 

The substrate 1 has at least one through contacting 5, 
i.e. a through contact, an area at which the upper 
metalization 3 is electrically connected to the lower 
metalization 4, which is within the compass of the 
substrate 1. The production of the substrate 1 with 
through contacting 5 takes place in accordance with the 
steps represented in Fig. 1. First the layer 2 of 
dielectric is furnished with a screw aperture 6. Then, on 
both faces of the layer 2, the metalizations 3 and 4 are 
applied in the form of metal foils, preferably copper 
foils, and connected by known techniques, for example the 

/ 

■ direct bonding process or the active solder process, 

areally to the faces of the layer 2. The layer 2 is made 
of ceramic such as aluminum oxide or aluminum nitride. 
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After application of the metalizations 3 and 4, the 
aperture 6 is covered by both metalizations. Then in a 
m^'-^ '•or--' stamp 7 , theV^V 

metalization 3 is permanently deformed in its region 
covering the aperture 6 such that metalization 3 forms a 
drawn-out or sleeve-like segment 3' in aperture 6 which 
penetrates through to the metalization 4. In a further 
step, segment 3' is electrically connected to the 
metalization 4 to complete the through contacting 5. 

Fig. 2 shows one method for the production of this 
electrical connection. After the production of the drawn- 
out, sleeve-like segment 3' into the aperture 6, a solder 
is placed on top of the substrate 1 and formed on the 
metallization 3, for example in the form of a solder paste 
8' . The substrate 1 is then heated to a soldering 
temperature so that the solder 8 makes an electrical 
connection with the segment 3' and hence between the 
metalization 3 and the metalization 4, thereby producing 

j 

' the through contacting 5. Still other methods of 

producing the electrical connection are conceivable, for 
example using electric current (electric welding) or 
renewed application of the DCB process. In the latter 
case, the lower margin of the segment 3' enters into a 
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direct connection with the metalization 4 surface exposed 
in the aperture 6. Further, the electrical connection may 
• v al€e£riat^ using ■ conductive pastes* - or 

cements hardening under the action of heat. The DCB 
process for producing the electrical connection between the 
segment 3' and the metalization 4 takes place for example 
in an N 2 /0 2 atmosphere having an 0 2 content of 5-800 ppm. 

The thickness d c of the layer 2 is, for example, on the 
order of 0.15-2 mm. The thickness d cu of the metalizations 
3 and 4 is, for example, on the order of 0.2-1.0 times the 
thickness of the layer 2. The diameter of the aperture 6 
is on the order of about 0.9-10 times the thickness of the 
layer 2. 

Fig. 3 shows, in different positions, the steps of a 
method for making conductor or print board or substrate la 
which is intended for electric circuits or components and 
consists essentially of board or plate 2 of a ceramic or 
insulating material, namely of ceramic, and which is 
provided on the top with a metalization 3 and underneath 
with a metallization 4. Each of the two metalizations 3 
and 4 are formed by a metal foil (for example copper foil) 
and areally connected to the layer 2. At least one of the 



metalizations 3 and 4 is structured for the formation of 
conductor parts, contact surfaces, connections, etc. with 
'^fiis'*"^ known"* techniques /' ; :las^ 

for example masking and edging techniques. The ceramic of 
the layer 2 is, for example, an aluminium oxide ceramic or 
an aluminium-nitride-ceramic . 

The substrate la has at least one through contacting 
5a, that means an area at which the upper metalization 3 is 
electrically connected to the lower metalization 4, and 
this through contacting 5a is provided within the compass 
of the substrate la. 

The production of the substrate la with the through 
contacting 5a takes place in accordance with the steps 
represented in Figure 3. First the layer 2 of ceramic is 
furnished with aperture 6 open to both faces of the layer 
2. Then, on both faces of the layer 2, the metalization 3 
and 4 are applied in the form of metal foils, preferably 
copper foils and connected to the layer 2 by the direct 
bonding process (DCB process) or by the active solder 
process areally to the faces of the layer 2. 
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After application of the metalizations 3 and 4, the 
aperture 6 is covered by both metalizations. Then, in a 
further step, a stamp '7a, is * used to make a permanent 
deformation of the metalization 3 in its region covering 
the aperture 6. The stamp 7a is provided with a cone- 
shaped lower end 11 forming rounded tip 12 for example with 
a radius of curvature in the range between 0.05 to 1 mm. 
The embodiment shown in Figure 3, the radius of curvature 
of the tip 12 is about 0.2 mm and the cone angle (a) is 
about 90°. The diameter of the stamp 7a is, for example, 
3 . 2 mm . 

The cone shape of the stamp 7a at lower end 11 which 
is in contact with the metalization 3 during deformation is 
very important for the perfect performance of the inventive 
method. 

The material of the metalization is conically deformed 
in the opening 6 by cone shaped lower end 11 of the stamp 
7a, with the stamp 7a being subjected to an axial force P 
in such a way, that the deformed cone shaped section or 
segment 3a penetrates through the aperture 6 such, that 
said segment 3a' contacts the metalization 4 with the tip 
of its conical shape. The metalization 4 is supported on 
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its side opposite to the layer 2 by a flat rest 10. After 
deformation, the through contacting 5a is completed by an 
electrical welding process. ' During this step, the stamp 7a 
and the rest 10 which are made of an electrical conducting 
material and which are connected to a source 13 for the 
welding current, act as welding electrodes. 

Because of the cone shaped end 11 with the rounded tip 
12, section 3a' is also cone shaped with a rounded tip. 
When the tip of the section 3a' contacts the metalization 4 
in the aperture 6, the current circuit of the welding 
current is closed and the welding current provides heating 
and melting of the metal at the tip of the section 3a' and 
at a small point or cross-sectional area of metalization 4, 
i.e. where the tip of the section 3a' abuts the 
metalization 4. The force P is maintained on the stamp 7a 
during this welding step. 

As the melting of the metal of the section 3a' and the 
metallization 4 at the point of contact between the section 
3a' and the metalization 4 increases, also the cross 
sectional area of the path of current at this point of 
transition between the section 3a' and the metalization 4 
increases, so that the current density (current/cross 
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sectional area) and also the temperature decreases at this 
transition or welding point, so that the welding process 

- wh4n the current density and the 
temperature generated by the current are not longer 
sufficient to keep the metal in a liquid state. This 
provides an automatic control of the welding process in 
such a way, that the welding process or step is 
automatically terminated before the metal of the section 
3a' and the metalization 4 is completely liquefied over the 
complete thickness of section 3a' or metalization 4 and 
therefore before an unwanted burning through or perforation 
of the section 3a' and/or the metalization 4 occurs. The 
current of the source 13 can be easily so controlled, that 
a welding is obtained in a proper way without burning 
through. 

The cone shaped end of stamp 7a provides a large cross 
sectional area during the welding step, so that a large 
cross sectional area is provided for the welding current at 
the transition between the stamp 7a and the metalization 3 
or the section 3a' and a low current density at this 
transition. By this feature, the electrical losses at the 
transition between the end 11 and the metalization 3 are 
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low and an unwanted melting of the metal of the 
metalization 3 on the transition between the stamp 7a and 
n t^m^li^aticm^3 - iis^rohibate'd: ; • ■ '•' v - : ^ 

Thickness d c/ d cu and the diameter of aperture 6 of 
this embodiment is the same as stated before, however, in 
this embodiment, the diameter of aperture 6 is at least 
twice the thickness d c of the ceramic layer. 

In the embodiment represented in Figs. 1 to 3, for the 
production of the through contacting 5 or 5a, in each 
instance only one metalization, i.e. the upper metalization 
3, is permanently deformed, while the lower metalization 4 
is not deformed. For this purpose, the lower metalization 
4 is supported on the side away from the insulating layer 2 
by an areal rest 10, for example a rest surface of the tool 
comprising the stamp 7 or 7a. 

This deformation of only the upper metalization 3 has 
the decisive advantage that a simple tool can be used, and 
in that, in particular for the insulating layer 2, which is 
preferably a ceramic layer, any excessive bending load is 
avoided since the substrate upon deformation of the 
metalization 3 is areally supported by the metalization 4 
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on the rest 10. However, a very substantial advantage 
consists in that the deformation of only the metalization 

the ■'■■"substrate/ renders the 
metalization 4 available throughout its surface for 
structuring to form conductor paths, contact surfaces, etc. 
This structuring may then be accomplished by known 
techniques, e.g. masking and etching. The metalization 4 
then forms the top of such a textured substrate, while the 
metalization 3 forms the under side. Conductor paths, 
contact surfaces, etc. may thus also be provided directly 
at a through contacting 5 or 5a, so that a dense and 
compact outfitting of the substrate with components is 
possible. 

If the metalizations 3 and 4 are applied to the 
insulating layer 2 by use of the DCB technique or the 
active soldering process, that is, by methods carried out 
at relatively high temperature, then this has the further 
advantage that these high temperatures place the copper 
material of the foils or layers in a soft annealed state, 
in which the permanent deformation of the material of the 
metalization 3 by means of the stamp 7 or 7a is possible 
with good reliability to the required depth. 
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Fig. 4, as a further possibility, shows the production 
of a substrate lb in which the through contacting 5b is 
•formeci'' by* V body' 9 inserted in the aperture - 6 and 
electrically connected to the metalizations 3 and 4. The 
production of the substrate lb thus takes place in that 
first one of the two metalizations, for example the 
metalization 4, is areally applied to the layer provided 
with the aperture 6. Then the metal body 9 is inserted in 
the aperture 6, shaped for example as a sphere, cube, 
rectangular prism, cylinder, rhombus, etc., its dimensions 
being so chosen that the metal body 9 after insertion in 
the aperture 6 is accommodated completely, i.e. the height 
of the inserted metal body 9 is smaller than the thickness 
d c of the layer 2. 

Then in another step, the additional metalization 3 is 
areally applied to the top of the layer 2, again for 
example in the form of a metal foil, e.g. using the DCB 
process or an active soldering process. In a further step, 
one of the two metalizations, for example the metalization 
3, using a stamp or tool 7b, is so permanently dished into 
the opening 6 that the metal body 9 is in physical contact 
with both the metalization 3 and the metalization 4. The 
through contacting 5b is again completed in that the two 
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metalizations are electrically connected to the metal body 
9. This is possible for example in that the tool 7b is 
^ ? con f igur e'd - a t ^ the ; s ame" r t ime' as : a welding electrode, so that^"^-^-i#?>^^^ 
the electrical connection between the metal body 9 and the 
metalizations 3 and 4 is accomplished in the course of the 
deformation. In principle, however, there are still other 
possibilities for the electrical connection, for example ~- " 

using the DCB method or other "bonding" processes. The 
metal body is preferably one of copper. 

At a preferred modification of this method an 
electrical welding process or welding step is performed 
after deformation of the metalization 3 for connecting the 
deformed section of the metalization 3 with the metal body 
9 by electrical welding. 

In this modified process, the metal body 9 in the 
aperture or opening 6 is connected to the metalization 4 
using the DCB-process or the active soldering process, 
preferably during that step of process in which the metal 
foil forming the metalization 4 is applied to the layer 2. 
After the metalization 3 had been applied to the upper side 
of the layer 2, for example during the step of process in 
which the metallization 4 is applied to the layer 2 and the 
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metal body 9 is connected to the metalization 4 or during a 
further step of process, the deformation of the 
-3 -arid -the - welding connection between the 
deformed section of the metalization 3 and the metal body 9 
are made. For this purpose the stamp 7b and the rest 10 
again act as welding electrodes. The stamp 7b is 
preferably provided with the cone shaped end 11, as 
indicated at position d of Figure 4. 

As has been said before, the dimensions of the metal 
body 9 are so chosen that its height h, by which the metal 
body after insertion in the aperture 6 is oriented 
perpendicular to the planes of the metalizations 3 and 4, 
is smaller than the thickness d c of the layer 2. The height 
h is preferably chosen according to the formula 

h < d c [ (1 + (ai - a 2 ) AT] + K 

wherein 

/ 

ai is the coefficient of thermal expansion of . the 
material of layer 2; 

a 2 is the coefficient of thermal expansion of the 
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material of the metal body 9; 

~-^*T v ^?iV " the temperature difference between the maximum 
process temperature used in electrically connecting 
the metal layers 3 and 4 to the body 9 and room 
temperature; 

K is a constant, or correction factor, corresponding in 
use of the direct bonding or the DCB process to double 
the thickness of layer of the particular eutectic 
melt-on zone occurring in that process. In the 
current DCB process, the correction factor is about 5- 
50 microns. 

If the height is chosen to satisfy the foregoing 
conditions, then it is ensured that even at higher 
temperatures required for the electrical connection or 
bonding, for example DCB bonding, the metalizations 3 and 4 
will be completely joined to the corresponding faces of the 
layer 2 in the marginal region of the apertures 6 as well. 

Fig. 5, as a further possibility, shows a method of 
producing a substrate, 1c, this method being of similar 
configuration to the method of Fig. 4. In this method of 
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Fig. 5, again, for example, first the metalization 4 is 
applied to the under side of the layer provided with the 
- fe*^ the aperture 6, * 

and then, by means of the DCB process, i.e. using 
metalizations or foils of copper, the upper metalization 3 
is produced by the DCB process, and at the same time the 
electrical connection, between the body 9 and the two 
metalizations, in that after placement of the body 9 in the 
aperture 6 on the top side of the layer 2, the foil forming 
the metalization 3 is placed, and the system is then heated 
to DCB process temperature in an N2/O2 atmosphere having an 
0 2 content of 5-800. ppm. 

The height h of the body 9 in this embodiment is so 
chosen as to be only slightly smaller than the thickness d c 
of the layer 2. Preferably the height h in this embodiment 
is so chosen that it is indeed smaller than the thickness 
d c , but at the same time, 

/ 
i 

h < d c [ (1 + (ai - or 2 ) AT] + K. 

In this method according to Fig. 5 and in the 
adjustment of the height h according to the above 
conditions, it is brought about that a joining of the body 
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9 to the metalizations 3 and 4 is accomplished by a bonding 
process with action of heat, for example by the DCB 
r pr6^ a " deformation • of *a 

metalization with the tool or stamp 7b. 

Likewise in the method illustrated in Figs. 4 and 5, 
there is again only a single deformation, i.e. a 
deformation of the metalization 3, whereas the metalization 
4 herein is supported areally on the rest 10. 

In the method described above, in particular in the 
methods of Figs. 4 and 5, various modifications are 
possible. Thus it is possible, after inserting the body 9 
in the aperture 6, to apply the metalizations 3 and 4 
simultaneously to the two faces of the layer 2. 

Preferably, the deformation of the one metalization is 

effected by a stamp and the other metalization is in 

contact with a plane rest. At least one metalization is 

preferably deformed in the manner of a hollow rivet or 
sleeve in the region of the aperture. 

The deformation of the one metalization and/or the 
electrical connecting preferably takes place after 



conclusion of the DCB process or after the active 
soldering, as the case may be. 

The electrical connecting is preferably effected by 
electric, ultrasonic and/or laser welding. Electric 
welding is preferably effected during or immediately after 
the deformation of the at least one metalization, 
preferably with the tool employed for deformation. 

Preferably, the electrical connecting is effected with 
the aid of a "direct bonding" process or an active 
soldering process. Also, preferably, the electrical 

connecting is effected by heating in an N 2 /0 2 atmosphere 
having an 0 2 content of 5-800 ppm upon heating to DCB- 
process temperature . 

The electrical connecting can be effected using a 
solder, preferably using a solder paste. Alternatively, 
the electrical connecting can be effected using a 
conductive past, preferably a hardenable conductive paste. 

The layer of dielectric preferably has a thickness in 
the range between about 0.15 and 2 mm. 
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The metalizations are preferably in the form of metal 
foils, e.g. copper foils, for example of thickness d cu , 
'equivalent to : about ' 0 . 2 k to 1.0 times the thickness of the 
insulating layer. 

The aperture for the at least one through contacting 
preferably has a diameter of about 0.9 to 10 times the 
thickness (d c ) of the insulating layer. 



